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The Air Force Recruiting Service is facing twe majer problems in the
years ahead. First, due te demegraphic facters, the number of potential
recruits is declining. The Yeuth Attitude Tracking Study (YATS) published
in the fall ef 1982 cencluded that by the year 2000 there will be appreximately
74,000 males with a prepensity te enlist in the Air Ferce. This predictien
must be viewed in light of the fact that in 1983 the Air Ferce geal was te
recruit 65,000 males te maintain current ferce levels., The second preblem
that the Recruiting Service faces is ene of quality. With the incressing com-
plexity of aerespace systems, the recruits whe de enter the Air Ferce must
have a seund educatienal feundatien in mathematies and science., This require-
ment fer quality in math and science skills may be in jeopardy fer the
Natienal Cemmissien en Excellence in Educatien reperted in March 1983 that
educatien in these areas has been declining fer the last 20 years and centinues
te decline, The Recruiting Service, then, must address both areas te accem~
plish its missien. It must attract recruits in sufficient quantity that pessess
the quality te perferm the duties assigned them. This SPS is intended te
help the Air Ferce Recruiting Service perform its missien of attracting
quality recruits,

The final preduct ef this SPS preject will be a handbeok tailered te beth
fester interest in the Air Ferce as a career alternative and assist educaters
cemmunicate the need fer study in mathematics and science., The t-rget Ereup
for this preduct is junier high school students, This greup was deemed the
mest critical fer twe reasens. First, the prepensity fer military service must
be nurtured at an earlier age., The sosner that the ‘Air Ferce alternative can
be presented, the greater are the chances that petential recruits will be-
ceme interested. The second reasen is equally important, fer studies have
shewn that interest in math and science ameng males is initially higher in the
first years of fermal educatien but gradually decl'nes threugh highscheel.
This preject is intended te shew the practical aspects ef mathematics and
science and thus reinferce the efferts of educaters during the mid-educatien
"slmp R "

This SPS, as presented, is an interim product., Final productien, te in-
clude graphics and pictures, will be accemplished by the spenser-~USAF RS/RSAA,
In ceerdinatien with the ACSC staff (Lt Cel Macy) this SPS has been deuble-
Spaced rather that single-spaced, This format will aid RSAA in editing and
final preductien. In additien, since this handbeek is a unique, ene-time-
use preduct, it dees net require an annetated text,
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i INTRODUCTION

o ' By now you should understand the basic functions and procedures used in
mathematics. You use Adding, Subtracting, Multiplying and Dividing to get
answers to everyday questions, You use math to get the answers you need to
work and play. The same is true for the men and women who serve in the United
States Air Force, They must have certain mathematical skills to prerform their
duties both on the ground and in the air. This handbook has been prepared by
the Air Force to give you some idea of the mathematical and scientific skills
required by the people who keep the sky sSafe and free, As you read through
this text, try to see how the skills used by Air Force people are very similar
to the skills you use everday in school. You will find the practical applicaton

of mathematics both interesting and fun, Knowing how to use math as a tool

will help you in the years ahead.

This handbook contains sections which present the practical applications
of mathematics and science. It begins with an introduction to the members of
an airplane crew and describes what each must do to perform the job of flying
an airplane, The text will illustrate how Rate/Time/Distance problems, graph-
ing techniques and computers are used to do the job. The book will also ex-
plore a few natural phenomena such as local and global weather and show how
they affect aviators. As you go through this book, work the Exercises and see
if you can see how the procedures presented in the text apply to you. You will
£ind that mathematical skills are not hard to grasp, but to be comfortable with

math you must first determine what question you are going to answer, find the
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Ef formulas rou need to solve the problem and, finally, accomplish the work in
tkf a neat, orderly manner. Math is not hard, but to be sucessful you must

o,

accomplish each step in a process in a logical fashion.

The men and women who ceveloped this handbook hope that you will enjoy
it. They also hope that it will help you hetter understand the adventures of
mathematics and science. Stay in school, apply yourself to your math and

science courses and, most of all, "Good Luck™ in the years ahead,
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Chapter One

THE PEOPLE THAT FLY

The job of flying an airplane can be a difficult task at times. There's
a lot of prepsration before the airplane can takeoff, many complex jobs to be
done while the airplane is flying and plenty of things to do onee the air-
plane arrives at its destination. Because of this complexity, most large air-
planes have more than one person doing the job. This group of peorle is known
as the crew, Air Force and commercial airlines have crews to share the work-
load in mission preparation and flying. Each crewmember has been trained in
various math and science skills so he can do his Job, In addition, each

krows scmething about the other jobs so he can help if things get busy during

the flight, Let's look at some of these jobs and how each is important to

the mission,

INSERT PHOTO OF CREW PLANNING A MISSION

PILOT

The pilot is responsible for the takeoff and landing of the airplane, He
must understand the aerodynamic characteristics of the airplane, the speeds
required to takeoff and land, how fast and slow the airplane can safely fly
and how it will perform when filled with cargo. In the Air Force, the pilot
is in cormand of the crew., He must assure that the mission is rlanned prop-

erly and that the job is done safely once airborne. All Air Force pilots are

officers and have college degrees, A good pilot must be a good crew leader
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and know all technical aspects of the airplane,
INSERT PHOTO OF PILOT

The pilot is normally the one who completes and signs the paperwork which
tells the Federal Aviation Agency (FAA) where the airplane is soing during its

mission.

COPILOT
The copilot assists the pilot in flying the airvlane, He or she rmst als:
know about the aerodynamics of the airplane and how to fly it. During mission
rlanning, the copilot works with the navigator and crewchief to plan the route,
determine how much fuel is needed and decide where the cargo must he loaded so

the airplane will be level and stable once airborne.
PHOTO OF COPILOT, NAVIGATOR, AND CREWCHIEF PLANNING

The copilot, like the navigator and pilot, is an officer in the Air Force and
a college graduaste. He must understand fuel management, weight and balance
formulas and navigation prodecures. After a few years of training. copilots

become pilots and are given command of their own crews,

NAVIGATOR
The navigator plans the airplane's route of flight for the mission. He
must know how to read aeronautical charts (maps), understand how wind and
weather can affect the flight and be able to use the various pleces of gear on
the airplane used to determine where the airplane is. Navigators must be able
to answer three questions to do their job: (1) Where is the airplane's location?

(2) Where does it need to go ? and (3) How does it get there from here ?
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INSERT PHOTO OF NAVIGATOR

The navigator has equipment on the airplane to help him answer these question~-
RADAR, radios, navigation computers and celestial navigation devices, You'll

read about some of these pieces of equipment later,

CREWCHIEF
The crewchief has some important jobs on the crew., He makes sure that the

cargo is in the right place so that the airplane flys level, helps the copilot

s B

o by making sure the right amount of fuel is loaded on the airplane and, during
Lo

;;:: the mission, watches the flight instruments to make sure the engines and

| .\.

Fi% aircraft systems operate properly.

he

N INSERT 2 PHOTOS OF CREWCHIEF

: CREWCHIEF MISSION PLANNING CREWCHIFF AT HIS STATION IN C-141

Crewchiefs are not officers and they need not be college graduates. They have

gone to several technical schools in the Air Force to teach them how to do

their jobs,

CONCLUSTON

As you can see, the crewmembers are trained in various skills, They need

these varied skills to get the airplane to its destination safely, Fach mem-
ber of the crew brings to the airplane slightly different bits of knowledge,

out all must work as a team to get the job done.
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Chapter Two

GRAPHING TECHNINUES
The Copilot has many duties on the aircrew, He helps the pilot in flv-
ing the airplane, he is usually the person in charge of monitoring the radios
and navigation aids to make sure they are set to the correct frequencies and,
during the mission planning ohase, he is responsible for determining the fuel
requirements to accomplish the mission. In this section we will see how “he

Copilot uses graphs to do his job,

FUEL_PLANNING

Constructing the fuel planning log is much like a rate/time/distance
problem. The copilot must know the rate at which the airrlane burns fuel and
compare the fuel available to how long the airplane must flv. His job is
comrlicated because the rate of fuel burn depends on the weight of the air-
plane. The airplane loses weight as it burns its fuel, so the weisht is con-

stantly changing. To make is job easier, the copilot makes a fuel graph.

DATA GATHERING

The copilot begins the task of building the fuel graph by looking in a
technical manual which tells him how much fuel the airplane burns relative to
its weight. This data was gathered by the people who built the airplane, so
they should know. In the following figure you will see an example of the
information the copilot gets from this book:

. VAT __:-.'-(... o ._'.:.‘-..'-._'.
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AIRCRAFT WEIGHT

{POUNDS ) FUEL BURNED PER HOUR (POUNDS)

260,000
255,000
250,000
245,000
240,000
235,000
230,000
225,000
220,000
215,000
210,000
205,000
200,000

12,000
11,800
11,300
11,000
10,800

FUEL FLOW GRAPH

WEIGHT DETERMINATION

The copilot next determines how much the airplane will weigh at the start

of the mission, To do this, he adds the weight of the airrlane to its cargo;

this is called the net weight or basic weight. The basic weight of the air-

craft is constant and will

not change during the mission., The copilot com-

pletes weight computation by adding the basic weight to the fuel weight. The

result of this is the gross weight, Gross weight is the total weight the air-

craft will carry into the air,

ATIRCRAFT WEIGHT + CARGO WEIGHT

BASIC WEIGHT + FUEL WEIGHT

“elow we see the copilot's

n

BASIC WEIGHT

GROSS WEIGHT

computations for this mission:

100,000 ATIRCRAFT WEIGHT

+

60,000 CARGO WEIGHT

760,000 BASIC WIEGHT
+100,000 PUEL WEIGHT
260,000 GROSS WEIGHT

After computing the gross weight, the copilot checks his technical manual and

finds an expected fuel burn rate of 12,000 1lbs, / hour for 260,000 gross weight,
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U EXERCISE

a5y

:\ How much fuel per hour would the airplane use if it weighed 235,000 lbs, ?
To find this answer, go back to the Fuel Flow Chert, find 235,000 lbs. in the
t

_:::: left colum and read the figure across to the right, "What did you find ?

%

<

.:j.' FUEL USAGE CCMPUTATION

Yow that the copilot has ccomputed the pgross weight he has a starting

'l:':: place. He begins to gather the information he will need to construct the fuae”
\; graph., The fuel grarh will provide him with a "picture” to consult during the
‘ mission to make sure that everything is going OK., He makes this picture by
‘ii; computing the numbers he needs and graphing them, This is how he does it:

J;L WEIGHTS REASON POINT IN THY MISSION
b, 260,000 Gross weight Takeof

- =12,000 Fuel burned in first hour Inflight, first hour
e 248,000 New Gross Weight Takeoff plus one hour
s

o The corilot finds that one hour after takeoff the airplane should weigh
:.:.:

':.‘:_:. 248,000 1bs, This weight is the takeoff gross weight minus the fuel burned.
AN

‘;‘-',' To determine the fuel burned in the second hour of flight he returns to the
. Fuel Flow Chart. If there is no weight exactly like the one he is looking for,
i

:::'_': he goes to the next higher number, This is known as rounding, Rownd-

e

'il‘: ing will induce a small error in the fuel planning computation, The next
®

hour's answer will show the airplane burning more fuel than it actually will,
_23.'::: Even though rounding induces a small error, it is an error in the safe
.\‘-‘

_;-:jf; direction. It never hurts to have a 1little more fuel than you thought you

L 4

2 would, especially if you are in an airplane. Next you will see how the copilot
;:;: determined the fuel flow figures for the second hour of flight,
Fo
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ATRCRAFT WEIGHT (POUNDS)

250,000 1bs,
218,000 1bs.
215,000 1bs,

FUEL BURNED PER HOUR (POUNDS)

11,300 lbs,/hr.
?
11,000 1bs,/hr,

FUEL FLOW GRAFH

The copilot sees that 248,000 is not listed in his manual, so he zoes to the

next higher number (250,000) and uses that fuel flow to continue his mission

planning, He continues this process for the entire mission plan to estimate

the fuel consumption during the flight,

* These are the numbers the copilot will need to construct the fuel graph.

WEIGHTS

260,000 *
-12,000
pedilF Aia-g
25,8,000 *

=11,300
236,700 *
=10,800
225,900 *
=10,200
215,700 *
- 9,800
205,900 *

- 2‘200
196,700 #*
- 8,800

787,900 *

POINT IN THE MISSION

Takeoff

Takeoff + 1 hour

Takeoff + 2 hours
Takeoff + 3 hours
Takeoff + L hours
Takeoff + 5 hours
Takeoff + 6 hours

Takeoff + 7 hours

The copilot has estimated that seven hours after takeoff the gross weight of

the airplane will be 187,900 1lbs,

How much fuel is left in the airplane at

that point ? To find this he subtracts the weight of the airplane and its

cargo (Basic Weight) from the 7 hour Gross feight of the airplane:

(1)

(Then)

GROSS WEIGHT
FUEL WEIGHT
FUEL WEIGHT
FUEL WEIGHT

BASIC WEIGHT + FUEL WrIGHT

GROSS WEIGHT - BASIC WETIGHT
187,900 1bs, = 160,000 1lbs,
27,900 1bs,




T

ALY

L]

MISSION TIME GROSS WEIGHT =~  BASIC WEIGHT = FUEL REMATINING

AN Takeoff 260,000 160,000 100,000

o Takeoff + 1 hr, 248,000 88,000

oy Takeoff + 2 hrs, 236,700 76,700
“akeoff + 3 hrs, 225,900 65,900
Takeoff + L hrs. 215,700 55,700
Takeoff + 5 hrs, 205,900 15,900
Takeoff + 6 hrs, 196,700 36,700
Takeoff + 7 hrs 187,900 27,900

The copilot found that the airplane has 27,900 lbs, of fuel remainingz afier
seven hours. To get all of the data points he will need to construct the fue’
graph he comrutes the Fuel Remaining figures for the entire mission, The
copilot will graph the Gross Weight and Fuel Remaining figures he has com=-

ruted relative to mission time,

GRAPHING PROCEDURES

There is one important thing to remember any time you are graphing numbers——
the scale you use to construct the graph must remain constant, If you start
with a scale of two graph squares being equal to one hour, you must continue to
do so for the entire graph or it will be confusing to the user,

The following two graphs show how the copilot used the numbers he computed:

INSERT GRAPHS WITHIN TEXT
(see page 59)

In constructing the graphs the copilét had to follow these steps:

1, Decide on a scale which allowed him to get all the weights and
times on the chart,

2, Plot the data points (Time versus Weieht numbers),

3., Draw a line (slope) to connect the data points.

10
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PRACTICAL USES OF GRAPHS

The copilot will use these graphs to do two very important things:
1. Compare the pre-planned fuel burn data with actual, inflight data,

2, Predict information such as fuel burn rate, fuel remaining and
gross weight at various points during the mission,

For example, even though the copilot did not compute the fuel remaining figures
for Takeoff plus 3% hours, he can predict how much fuel will be available at
that time. He consults the graph, finds the 3% hour point on the time line,
goes straight up to the slope of the graph (line connecting the data points) and
reads straight to the left. He sees that this last, straight line intercepts
or crosses the Puel Remaining axis at 61,000 lbs, He expects to have this
much fuel in the airplane 33 hours after takeoff.

Graphing also allows the copilot to compare pre-planned with actual data,
If he reads the fuel gauges at Takeoff plus 4 hours and sees he only has
50,000 1bs, of fuel, something is causing the airplane to run short of fuel.
He had expected to have 55,700 lbs, of fuel at that point in the mission, He

rust tell the crew about this shortage and determine what the problem is—FAST !

EXERCISE

Use the Gross eight and Fuel Remaing graphs to answer these questions:

1. %hat is the aircraft's predicted Gross Weight at Takeoff + 5 hrs, ?

o

-, 2, What is the predicted Fuel Remaining at Takeoff + 4 hrs, 45 mins, ?
=

P{ 3. How long should the aircraft been airborne if the fuel remaining
;i is 40,000 lbs, 2

r:.

o

- CONCLUSION

52 The copilot must be able to use precomputed data to be a good fuel man-
L-.l

4

ager. he must use information provided by the aircraft manufacturer to
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determine fuel consumption.and fuel flow. Once he has determined the fuel

flow information, he manipulates this data to compute aireraft Gross Weight

" and Fuel Remaining figures, Finally, the copilot grarhs these data roints
to construct a fuel graph, He uses the fuel gravh as a nicture to corpare
and predict fuel information.
Mission planning for the conilot does not involve comrlicated mathematical
:;;. skills, but he must determine before he starts his planning the type of
- information he will need, how he wants to manipulste and display this inform-

( ation, and what his. comruted data will be used for,
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Chapter Three

RATE/TIME/DISTANCE PROBLEMS

The major job that the navigator has during mission planning is devel-
oping the flightplan. The navigator and crew use the flightplan to deter-
mine the course the airplane will fly, estimate how long the flight will take
and establish an estimated time of arrival (ETA) at the destination., As we
have seen, the copilot uses the flightplan to plan fuel requirements and the
pilot files the flightplan with the Federal Aviation Agency so that the
aircraft can be flight-followed during its mission. In this section we will
examine the procedures that the navigator uses in the development of the flight-
plan,

INSERT PHOTO OF NAVIGATOR MISSION PLANNING

MISSION PLANNING
Flightplanning is basically the solution of the Rate/Time/Distance prob-

lem. To solve this problem, the navigator uses simple tools (charts, dividers,

.' calculator) and basic mathematical skills., Let's look at how the navigator

Eﬁ} does his job,

’ 4s you already know, the navigator must determine three fundamental things
‘:_:— to do his job~=the departure point of the mission, the destination and the

_\ route connecting hese two points, The navigator plots the departure point on
e

his chart, next he plots the destination and, finally, he constructs the route

leg segments (course) for the mission,

13
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DEPARTURE POINT

O} B

DESTINATION

This process is similar to a Geometry problem. The navigator wants to fly along
the route that is defined by a line connecting points A,B,C,D,E,and F, By
drawing the route and labeling the roints, the navigator has defined the air-
craft's intended route of flight,

Next, the navigator uses the chart and dividers to find the distances
between each of the points, He writes these distances along each leg of the

route once he has measured them,

o 100 5
DEPARTURE POINT so So DESTINATION
@ 150 B S0

Now he must compute the rate (groundspeed) that the airplane will be flying

as it moves along these lines,

GROUNDSPEED DETERMINATION

We need to talk about groundspeed for a minute, for it is important in
mission planning. To determine groundspeed, the navigator must know the effect
the wind will have on the airplane. Since the airplane travels through the air,
any movement of the air will have an impact on the aircraft's speed relative to
the ground, The rate at which an aircraft travels across the face of the earth

is known as its groundspeed, You will shortly see how an aircraft's ground-

14
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speed can vary while the rate through the air remains constant.

To measure the wind's effect on the airplane, the navigator gets a pre-
diction of the wind from the weatherman, The weatherman's forecast tells the
navigator from what direction the wind will be coming and how hard it will be
blowing (velocity)., In this case, the weatherman tells the navigator the wind
is expected to come from the West at a velocity of 50 MPH, Below you will
see a depiction of how the wind would look if plotted on the chart. "hat we
are looking for is the relationship between the wind and the route, This
relationship determines what effect the wind will have on the aircraft and

the mission.

me
West/50 MPH
O, j i O,

Wind acts on the airplane the same as it does you, If you run outside and the

wind is blowing hard on your back, you will run a little faster since the wind
is helping you. If you turn around and run into the wind you will move a little
slower——~the wind is holding you back. If the wind is blowing on your side it
has little effect on your speed, but it does feel good to have the wind cool
rou down while you run,

The navigator must know the airplane's airspeed, the direction and vel-
ocity of the wind and intended course to calculate wind effect. Once he

knows these, he computes groundspeed using the following formula:

AIRSPEED +/~ WIND EFFECT = GROUNDSPEED
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The navigator knows that the airplan= will be flying at 40O MPH, the wind

is predicted to be from the west at 50 MPH and the course., Remember, 3just
like you, if the wind is behind vou, you travel faster., If the wind is in
your face you travel slower. Knowing this, how fast is the airplane's sround-

speed when it flys from point A to point B ?

WIND O » c )
West/50 MPH
© : >——0

ATRSPEED +/- WIND EFFECT = GRO'NDSPERD
L00 MPH + 50 MPH = ,450 MPH
How about from point B to point C ?
400 MPH + 0 = L0OO MPH

As you see, the wind effect when flying from point B to point C is zero. The
wind will be blowing on the airplane's side and will not make its ground-
speed faster or slower than its airspeed., The navigator comnutes the ground-

speed for each leg of the mission:

FROM TO AIRSPEED +/- WIND EFFECT = GROUNDSPEED
A B 400 +50 450

B c 0 400

c D +50 450

D E 0 400

E F +50 450

The navigator now knows the groundspeed the airplane is expected to fly on
each leg. Since he already has the distance for each leg, he solves the Rate/

Time/Distance problem for each leg using this formula:
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DISTANCE
RATE

The time solution for leg segment A to B looks like this:

150 miles = h = 20 minutes
450 miles per hour +33 hre. ™

The navigator does this for each leg of the mission

FROM TO DISTANCE GROUNDSPERD TIME
A B 150 miles L,50 MPH 20,0 minutes
B c 50 4,00 7.5
C D 100 L50 13.3
D E 50 LOO 7.5
E F 150 450 20,0
500 38.3 minutes

Adding up all the leg times, the navigator finds that it will take 68,3 min-
utes to get from point A to point F, To convert this time to hours he
divides his total time by the number of minutes in an hour,

68,3 minutes

=1,1
60.0 minutes per hour 114 hours

‘lhen the navigator has computed all of his mission planning information
he can compute other mathematical data, For example, let's see how the nav-

jgator could use his information to determine average groundspeed.

AVERAGTNG

To compute the average groundspeed for the mission the navigator must use

the total distance flown and the total time, The flishtplan reflects a total
] . distance of 500 miles and the total time is 68.3 minutes., He will find the

'J!:'f, average groundspeed by using the following formula:




TOTAL DISTANCE = AVERAGE GROUNDPERD
TOTAL TIME

Now he takes the information from the flightplan and places it in the formula:

00 Miles - . . .
%g:E'TE}EE;;; 7,32 miles in a minute

As you can see, the answer is in miles per minute, Here is how you find miles

per hour if you know miles per minute:
7.32 Miles/Minute X 60 Minutes/Hour = 439,2 Miles/Hour

The average groundspeed for the mission is 439.2 MPH, but at no time during

the mission is the airplane planned to go 439.2 MPH. FEven though this is

an average groundspeed, it can be useful to the navigator during mission

pla.nning ° .

2 P My ‘.", SN
FIMAPLILTLISN It

PRACTICAL APPLICATION OF AVERAGING

An average is an important tool to be used for comparison. The navigator
can compare his average speed over his route to see if there is a faster way
of getting to the destination or if another route is possible to take advan-
tage of the predicted winds, That is the advantage of using averages, they
allow you to compare one plan with other plans even if the data are different.

You can find examnles of averaging in your everyday activity. Suppose

you live three miles from school and it takes you 20 minutes to get there.

What is your average speed petting to school?

AR PN
'a Lo ¢t
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S » e e v e e e

Miles
20 Minutes

+15 Miles per Minute X 60 Minutes per Hour = 9 Miles per Hour

= ,15 Miles per Minute (Average)
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e EXERCISE

..‘D.. ——

;Lu See if you can solve the following problems, if so, you may make a good
N

pilot or navigator one of these days,

1. Distance = 180 miles; rate = 90 MPH; time = ?

2, Airspeed = 525 MPH; Wind Effect = + 75 MPH; Groundspeed = ?
3. 75 minutes = ? hours

4, What is your average speed if you covered 10 miles in 6 minutes ?

CONCLUSION
As you have seen, mission planning is a relatively simple procedure, The
navigator determines distance, computes groundspeed, solves the Rate/Time/
Distance problem and adds the leg times to find total flight time., He solves
his mission planning problem in the same way you solve mathematical problemss
the navigator determines what he wants to find, gathers data from various

sources and keeps his work neat and orderly so it doesn't become confusing.
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A
THE EFFECTS OF WEATHER ON AVTATION
N
. To this point we have looked a* some of the mathematical skills required
‘.E;::: of Air Force crewmembers and the procedures they use to accomplish missiorn
o
o planning. We will now look at the environment the aircraft operates in and
Iy
S ] a few of the natural events which can affect an aircraft and the people who
.
20N fly them,
0
F \,;-
; LOCAL WEATHER
.
‘_:::. Anyone who has ever flown in a airplane has a healthy respect for the
e weather, 'Wind, thunderstorms, ice and hurricanes are examples  ©f the
phenomena we call weather., Air Force crewmembers must understand weather and
= how it affects them during flight. Let's see where local weather comes from,
.t.'.
- how it forms and how it affects airplanes,
.':\
2 COMPONENTS OF LOCAL WEATHER
NS
N There are many elements that work together to create the weather., The
yj,.'; oceans, rivers, deserts and mountains all affect local weather conditions,
.?- Even though there are many geographical factors influencing the weather, the
o
{'{3-: two most important elements are heat and moisture. The heat comes from the
:_\:,
:::: sun and the moisture primarily from the oceans. Acting together, they gen-
®
N erate weather and you can't have weather if either are missing. To prove this,
§ '\q:\.
:;}: consider our closest celestial neighbor—the moon., There is ample heat on the
E-2s
:_::‘ moon coming from the sun, but there is very little moisture on the moon, You
_- _,'. have never seen a thunderstorm on the moon and you never will, The moon has
*:_: 20
ix
\'if
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neither the moisture nor the atmosphere to support the formation of local

weather.,

We'll leave the moon for now and talk about the weather on the earth,

——

As the sun shines on the earth, it heats up the soil and the air, Things that

are warm are more likely to move around than things that are cold, This is
true of cold-blooded animals such as lizards and snakes., The sun warms them
and they can crawl, climb and slink about more easily. They can move much
faster when it is warm. The same is true of the particles that mske up our
atmosphere. These particles are called air "molecules", When the sun shines
on air molecules or they bump into other objects which the sun has warmed, such

as the ground or ocean, they begin to move about more quickly, The molecules

" have become more energetic, Since the molecules are moving faster, they are
\\ in one place for a shorter time, Consider this example: you have two gallon
\“ Jjugs, one cold, one hot. At any moment, the cold jug contains more slow, cold
.;. molecules than the warm, energetic jug., The cold jug contains a higher density
o

of air molecules than the warm jug.

X
i

DN '
p‘-"?';"f"._ ".'m ,v. % .‘.l..' EACM @ A

COLD JUG WARM JUG

Slow moving molecules Fnergetic Molecules
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RELATIONSHIP OF DENSITY TO WEIGHT

When we talk about how much material there is in one area compared to
how much material there is in another area of the same size we are talking
about density. For example, if there are 25 people in your classroom, it has
a certain density and there is just so much space bhetween the peorle in the
room, Now imagine that 25 more peovle come into the room to visit with the
first 25 people., Now there are 50 reople in the same room. Since the room
could not get bigger when the second group came in, the density of peovle in

the room increased and the space between people decreased.

25 50

That's the same thing that happened in the two gallon jugs we described
earlier, There are more cold molecules in the cold jug, so it has a higher
density than the warm jug.

Now that we understand density, let's look at something related to den-
sity—weight, Returning toc our example of people in the classroom, imagine each
person weighs exactly 100 pounds, When there were 25 people in the room, it
contained 2,500 pounds, WWhen the 25 extra people came into the room, the den~
sity of the population in the room doubled and the weight of the people

doubled to 5,000 pounds,

22
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This is the case with our two gallon jugs. Since there are fewer molecules in

“y
4
A."» &

the warm jug, the combined weight of those air molecules is less than in the

cold jug. What does all of this have to do with our weather ? We'll soon

see,

RELATIVE DENSITY

You already know that light substances such a styrofoam and most woods

float in water., The reason these materials float is called relative density.

Wood and styrofoam are less dense than water, A gallon jug full of styrofoam
weighs less than a gallon jug full of water, Air molecules perform in the

same manner, Warm, energetic, less dense air molecules "float" or rise in
cooler air, This is why hot air ballons do the things they do. The ballon
pilot uses propane gas to heat air and the big bag above the gondola traps and
holds the hot air, The air within the ballon is less dense than the air around

it, so the ballon rises.
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RS Meanwhile, back to the weather, Remember, the sun has wrrmed the ground

\ and the ground, in turn, has warmed the air molecules near the surface. Now,

_ this warm, moist air begins to rise through the cooler air above it.

t
‘ -

’:

. CONDENSATION

." As the air rises, things begin to happen, Shortly after the air molecules

-_’,:l'_ start their ascent they begin to shed water, This process is known as conden-

_. sation, Condensation occurs for as the air molecules ascend into the cooler

- air they cool down., Cool molecules, less energetic than warm molecules, cannot

carry as much water vapor with them, You've seen this havpen before. The

;;::: last time you went outside in cool weather and exhaled your breath made a

o
‘ ' small "cloud", The air in your lungs was heated to 98.6 F by your body so

_: it could hold a certain amount of water vapor. When that warm, moist air met
N the cold air, it cooled rapidly and could not hold all the water vapor. You

N

.‘ generated a condensation cloud when you exhaled. The colder the outside tem-

,::EZ: perature, the greater the rslative difference between your lung temperature

.'_-"

I:-i and the air, so the cloud gets thicker-—more water vapor is given up.
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CLOUD FORMATION

Warm air meets cooler air as it rises and, at some point, can't hold all
of the water vapor it began its ascent with. At this point, we see clouds

form. The "base" or bottom of a cloud is the first point at which we can see

Clovod
Base

warm air releasing water vapor.

The warm air continues to give off water vapor as it rises, If the air does't

contain much water vapor when it starts the ascent, clouds may not form or the

clouds that do form are small and puffy-white. Weathermen have labeled these

7{;:::::
[0 small buildups "cumulus" clouds, Cumulus clouds are fair weather clouds,
B
S normally seen during calm summer weather., Even though they are generally
-4
K small, they are evidence of rising air and moisture condensation., An airplane
.-
[ji'."_-: passing through one of these clouds is in for a bumpy ride,
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THUNDERSTORM FORMATION

In areas where there is much moisture in the air, over the ocean for
example, it takes a long time for the rising air to shed all its water vapor,
In this case, clouds tower for thousands of feet. Thunderstorms, on average,
can build to 60,000 feet. Some have been seen as high as 20,000 feet, Weather-
men refer to thunderstorms as cumuilo-nimbus clouds. These clouds are partic~
ularly dangerous to airplanes because of their tremendous power. Ye'll now

look at two of these dangers—eair currents and lightning,

AIR CURRENTS

The warm air, having risen to the top of the cumulo-nimbus cloud, has
shed most of its water vapor and is super-cooled by the air around it, In its
cooled state it is more dense and, thus, heavier, than the relatively warmer
air around it., You would think that the air would have stopped its ascent
when it reached air of the same density, but it didn't, Its vrevious energy
and momentum carried it above air of equal density. Now that it is more dense
and heavier than the surrounding air, it begins to fall, This rising and

falling of air is one of the most dangerous aspects of thunderstorms.

Coo\ Air

Descgné\'n:
R

~—
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Vertical currents within the thunderstorm travel very fast (about 100 MFH)

and can be very close to each other. An airplane flying into these shafts of

26
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high velocity air could be torn apart, The nose of the aircraft would be

v

»

pushed up by one column of air while the tail is being pushed down by

MY Al
2 -+ [

« N
R

another shaft, This is not good for the airplane or the people in it,

v 4 5
s

Slightly less dangerous than these wind current "shears", but still of serious
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concern to aircrews, are isolated updrafts and downdrafts. An airplane

encountering an updraft of downdraft can gain or lose thousands of feet of

P
LA

altitude before breaking free. Downdrafts are very dangerous factors close to

S

the ground for they can drive an airplane into the ground before the pilot can
regain control, Knowing this, pilots are wise to avoid flying into thunder-

storms, The power of these systems is just too great,
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LIGHTNING

The rising and falling of air molecules within thunderstorms produces yet

another danger-~lightning., Lightning is static electricity generated when air

molecules rub against each other in the air currents. People create statiec ‘j

L) . I}
MAE TR RN

electricity all the time, When you comb your hair on a dry day, it gets

ce_e_v_-

"frizzy" because the static electricity generated by the comb going through

your hair made it stand on end. You also generate static electricity by

«m m = s 2 ¢ 5
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dragging your feet over a carpet. You generated an electrical charge and it

was stored in your body, just like a battery, Then, when you grabbed for a

doorlknob or another person, you likely saw a small spark and felt a shock.

You made lightning. Thunderstorms, because of their huge size, generate and

e store tremendous amounts of static electricity. If they come near an object

of dissimilar electrical charge. they release this energy as bolts of lightning,
Trees, towers and buildings are the usual targets of these bolts of enersgv,
Lightning is attracted to these high objects for it seeks the shortest path to
(: the ground, If you are in the open when a thunderstorm is apvroaching, siay
away from high objects such as trees and towers, These objects are the most

" likely to be struck, Lightning can also strike airplanes. Pilots are trained
°® to stay at least 20 miles away from thunderstorms to avoid the dangers of

lightning.

CONCLUSION

’ 'l'-,.\.‘th. ."‘. "._'.

s
.
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Now you understand why everyone who flys must understand the factors that
create local weather, Although it appears complex, weather is actually com-
posed of simrle elements, Heat and moisture are the major components of

weather, Heating air reduces its density, causes it to rise and, as a result

rl @y

)

of rising and cooling, the air sheds its water vapor. As the air cools, it
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becomes more dense than the air around it, so it falls. The rise and fall

of air molecules generates wind shears, updrafts, downdrafts and lightning. :

In conclusion, pilots must respect the power and dangers present in '
thunderstorms, They should never fly through them and it is best to avoid N
them by at least 20 miles., \
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GLOBAL WEATHER

We learned in the last section how the interaction of heat and moisture

L

L

a

HACE

produces the phenomena we know as local weather, Thunderstorms, rain, light- |

ning and hail are all examples of local weather conditions., e will now Yook

e
s l"
3

o

at the elements which create global weather patterns. You will see that the \

L 4

major elements of global weather are still heat and moisture, but bipgger

factors such as the earth's rotation, differential heating and jetstreams com-

:%3 bine to establish the global weather system. In this section we will’also
is: see how elements of the global weather system can affect aviation,
Sgé DIFFERENTIAL HEATING
\E; To begin, let's consider the shape of our Earth, As you know, we live on
] a giant ball or globe. Since the Earth is a globe and not flat, at any moment
some part of the Earth is closer to the sun than the other parts. Think about
it this way, the equator, that imaginary line running around the middle of
the Earth, will always be closer to the sun than the poles. In the following
diagram we see the relationship of the sun to the Earth on the two days of the
year known as the equinox. On those two days, March 21 and September 23, the
subpoint of the sun is directly over the equator. On these two days, the
length of day and night are equal, thus the term equinox. Looking at this
diagram you see that the equator is, in fact, closer to the sun than the
North and South Poles,
. SUh
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What effect does the fact that certain parts of the Earth are closer to the
sun than other parts have on global weather ? The answer is differential
heating. Some® parts of the Earth are always warmer than other parts,

Warm earth heats up the air more than cool earth, As we have seen earlier,
warm air is more energetic than cool air. To this next model of the Earth

we have added representative temperatures.,

-S0'F
o'e
70°F
BUN Y \\0° F

Lir near the equator is considerably warmer than air near the poles. As a

result, warm air at the equator is more energetic, FEnergetic air tends to

rise away from the surface of the Earth,
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As the warm air rises, cooler air near the surface flows toward the equator to
replace it, If the air that moved away from the equator was not replaced,
there soon would be no air at the equator. Natural law will not allow this

to happen. Nature would like the amount of air to be constant at every point
on the earth, [lectric fans demonstrate this natural law every day., As a

fan blows, air moves in behind the blades to occupy the space ,

<
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Place your hand behind the fan and you will feel the air rushing to fill the

space in the air the fan has made, Differential heating, then, is like an

B T~ u < & R

enormous fan. Air is heated in the equatorial zone of the Earth, this air
ascends into the atmosphere and cooler air north and south of the equatorial

zone rushes in to fill the void,
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ZONES OF DESCENDING AIR

The air that has risen from the equator gradually cools and becomes
relatively less energetic than the air over which it is traveling, This air
is now cooler, thus more dense than the air below it, so it begins to descend,
Cool air descends to earth in three general areas, Some air returns to the
earth's surface about 1/3 of the distance between the equator and the poles,
Another group of cool air descends about 2/3 of the distance between the
equator and the poles, And, finally, some of the air rising from the equator

makes it all the way to the poles before it returns to earth,

c“\ B ‘Retw'\\'ng
to lower Atmospheve

Riaing Warm
Rw

CORIOLIS FORCE

"le have seen how air is distributed over the earth's surface as a result
of heating and cooling. We must now examine another factor to understand

global weather, This factor, the major determinant of global weather, is the

earth's rotation,

The earth's rotation around its axis gives rise to a phenomenon known

as Coriolis Force., This force exist because as an object passes over the
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surface of the earth, the earth turns beneath that object. Since the earth
is turning and we are standing on the earth, it appears that the object is
not traveling a straight path but is moving on a curved path. Imagine vou're
standing on the north pole, prepared to fire a cannon ball at a target located
on the ecuator. You have a slow cannon ball and the triv from the north mole

to the equator will take 6 hours. At 0600 (6 A¥) you fire the cannon.

Tmr;é: Wocokion
0LDO

It will take 6 hours for the cannon ball to reach the equator and the cannon

ball cannot turn or change course once it is fired, What effect will the

Tovadt Mocstion
Eacw Houv oF
Mywt

N
EXE X l':;\k >
Cannon Bell's Veoestito
Eac\ Wows ob Flgut

As you can see, the target has moved away from the path of the cannon ball,
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The cannon ball's impact at 1200 (Noon) will be to the right of the target.

Relative to the path of the cannon ball, the target has moved to the left,
Let's examine this experiment in a different manner and pretend the tar-

get remained stationary and the cannon ball moved to the right, This would

be the case is the earth did not rotate.

I-\tenbd
Appavert Lecakion Tuthh 05 Cannon
ob Comnon Ball Bal\
Cach Howr o

‘F“swt

e have displayed the problem in a different manner, from a changed perspec-
tive. If the target is not moving, then the reason why the cannon ball missed
its mark was the cannon ball's curved path te the right during flight, We

know this is not the reason, however, The earth and the target moved and not

the cannon ball, This apparent curving of the cannon ball to the right is
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called coriolis Force. As a result of Coriolis Force, any object moving over
the earth's surface in the northern hemisphere appears to curve to the right,

This apparent force is generated by the earth's rotation,
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: EFFECTS OF CORICLIS FORCE ON GLOBAL WEATHER

: We'll now consider the effect the apparent motion of Coriolis Force has

on the air rising at the equator and returning to earth at other points on the

\ globe, To illustrate this point we'll switch from the globe shape of the '?
earth and imagine that the earth is flat, :
Neve\ Tole

X Wisr m

C S A S A B

[

o Soutw Ble .
[: X
b > "
o The first thing you notice on this model is the air moving north from the ]
g F

equator appears to be curving to the right as a result of Coriolis Force.
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.— This second diagram shows what happens to the air returning to the earth's i
~. surface., It, also, is effected by Coriolis Force and moves to the right.

I
A This movement of air results in the flow of air across the surface of the :
1
. earth, On the northern part of the globe, where we live, this flow of air '
\.:. ‘
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causes the general wind pattern that we're used to. The wind generally flows
from the west to the east, Look at it this way, if the air is moving from
the south (the equator) to the north (the poles) and Coriolis Force deflects
the air to the right, we on the surface of the earth see this as the wind

coming from the west and blowing toward the east.
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JETSTREAMS
The west to east flow of air across the face of the earth forms yet

another phenomenon of global weather--~the jetstream. The jetstream is a fast
moving current of air, high in the atmosphere, usually about 6 miles above the
Barth's surface. You have probably heard the weatherman talk about the jet-
stream, It is a very important element of the global weather system., The
Jetstream's location determines if it will be cold this winter, how much rain
you will get and how many thunderstorms there will be, To understand the
Jetstream and how it affects the weather, we need to look at the global wind

flow model once again. This time, however, we will look only at the flow in
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o the northern hemisphere,
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o

Here we see the air rising at the equator and returning to the surface in

;;ij general areas along the face of the globe, As the air moves over the globe
o it is curving to the right due to Coriolis Force, This makes the air or

wind blow from the west to the east,
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About 2/3 of the way up the globe, the air comes down and moves from west to

“'. o '-“\ )
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east, This air is relatively warmer than the air descending to earth at the

north pole. This air is closer to the sun than the air at the north pole so

it is more energetic. Eventually, the warmer air meets the cool air which is

Sttt

flowing south from the north pole, This meeting of eool air and wamm air
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, generates the jetstream, Where these two masses of air meet we have cool,

stable air meeting warm, energetic air which is rushing from west to east,
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The cool, polar air is pushed from west to east by the warm air and becomes a

current or river of air, This river of air is what we call the jetstream,

Co\d A :
JAstreom

¥ 3
® - .

7 Wavrm Aw !

,::: j
. K

{t - ‘

-

:,. When you see the weatherman draw the jetstream on his map, remember this—

:ZEE; the jetstream is a boundary between cold air from the north and warm air from :

;:'_:_: the south, If the jetstream is north of you, you are in relatively wamm air,
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.. If the jetstream is south of you, you are in relatively cold air, !
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A JETSTREAM_MIGRATION

~

':'-j:- The jetstream is not in the same place all the time, It is called a

S "river of air", but it is a river without any banks. The jetstream migrates

3 ?: north and south during the year, just like the birds, dependent upon the

f:-': amounts of warm and cold air in the atmosphere. In the winter, the great mass
o of cold air at the north pole pushes the jetstream to the south, In the summer,
" when large amounts of hot air move northward from the equator, the jetstream
-‘_' retreats to the north,
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EFFECTS OF THE JETSTREAM ON AVIATION
There is one more thing you should know about the jetstream, The winds
in the jetstream are very powerful. They usually rush along at about 150 MPH,
The jJetstream can flow much faster, however, and winds have been recorded as
high as 250 MPH, Aviators must be aware of this for the great force of the
Jetstream can affect their flights, Let's look at an example.

X :::, If you must fly from Los Angeles to New York, you would like to find the
:;:'j;: Jjetstream for it will help you get to New York faster. It will act as a tail-
e wind and push you toward your destination. The wind effect of the jetstream
E-f.';.;i will shorten flying time and this saves fuel. This portion of a flightplan
LN

-‘.:::; illustrates this point.

oo

P AIRSPEED +/- WIND EFFECT = GROUNDSPEED

e LSOMPH +  200MPH = 450 MPH

A

E!'._ As the airplane moves through the air at 450 MPH, the air itself ig moving at
=

.:;: 200 MPH, In this case, the force of the jetstream is added to the airspeed
e
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of the airplane and this greatly increases the groundspeed, Solving a
Rate/Time/Distance problem will show you how beneficial the jetstream can be

to aviators:

DISTANCE (L.A. to New York) = 3,00 miles
GROUNDSPEED= 650 MPH
TIME = 2

pIME — DISTANCE
RATE

TIME = 3,000 Miles
850 Miles per Hour
TIME = 4,61 Hours

How long would it take to get from Los Angeles to New York if the pilot did not
fly in the jetstream ?

450 MPH + O WIND EFFECT = 450 MPH

TIME = 000 Miles
450 Miles per Hour

TIME = 6,66 Hours

By comparing the times required at 450 MPH and 650 MPH we find that the pilot

L can get to New York 2.05 hours faster by flying in the jetstream. Flying in
E}'; K the jetstream saves time and fuel,

s

X Flight Time at 450 MPH = 6,66 Hours

9. -Flight Time at 650 MPH = 4,61 Hours

M Difference = 2,05 Hours
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EXERCISE

Consider what will happen to the pilot who has to fly from New York to
Los Angeles:

1, Will he want to fly in the jetstream ?

2, What is his groundspeed if he flys in the jetstream ?

3. How long will it take him to get to Los Angeles if he flys in the
Jetstream ?

4, How much time can he save if he avoids the jetstream ?

CONCLUSTON

| P AL O
‘.l".-.‘ “

As you have seen, global weather is a complex interaction of many factors,

-
<

Rising air, differential heating of the earth's surface and the rotation of

the earth work together to establish the patterns of wind flow over the face of

KRR ANT 1Y

the earth, This flow of air cools us, warms us and causes phenomena such as
the west to east flow of wind and the jetstream. The jetstream, that fast
moving river of air in the upper atmosphere, is a boundary between cold air
and warm air., Depending on where it is, we will either be warmm or cool.
Finally, the jetstream is important to aviators. They can use or avoid the

powerful winds of the jetstream to shorten flying time and save fuel,
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Chapter Five

iy NAVIGATION EQUIFPMENT

. In the final two sections of the handbook we will look at two of the many
- navigational aids available to Air Force crewmembers. Since we cannot review

.ﬁg all of the aids to navigation, we will look at the two that are used the most

) by the modern Air Force--RADAR and Inertial Navigation Computers, This review

> should show you how these systems, though electronically complex in many

respects, are the result of simple scientific principles,

RADAR

X One of the most important instruments the navigator uses during the flight

is his radar set, ™"RADAR" is an acronym, it stands for Radio Detection and

Ranging. Radio energy is transmitted through an antenna, this energy is ;
reflected back to the antenna by objects on the ground or in the air and the
radar set displays the information on a cathode ray tube (similar to a tele-
vision set),

THE THEORY OF RADAR

The basic functions of a radar set are similar to the way bats find their

T

Eé food while flying. A bat makes a high-pitched noise and listens, If there is
'éi an insect in front of the sound wave, the noise bounces off it and the bat

" "hears" the insect. The bat can sense the period of time between when it made
-25 its noise and the time it returns, It uses this timing information to deter-
10

mine how far it is from the insect.
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The bat flys toward the noise reflected by the insect and catches his dinner,
The next time you see a picture of a bat, look at its large ears, These
large ears act as the bats anterma, Bats feed at night, so radar-like abil-

ities are necessary to help them find their food.

RADAR SUBSYSTEMS

Navigators and pilots use the same process as the bat to tell where they
they are, but they don't have to yell and listen intently to get the answer,
They use a radar system to get navigation information. They can also use the
radar set to locate thunderstorms and avoid them. The following diagram shows

the basic components or "subsystems™ of a radar set,

TIMER >{ TRANSMITTER P
ANTENNA W
“——
[ TNDICATOR RECEIVER

The transmitter functions like the radio transmitter that sends music to

your stereo set, The radar transmitter does not send out music, however, just




a wave of radio energy at a predetermined frequency. Frequency determination

works just like your home radio--if you are listening to the musie on channel
1480 you cannot hear the music that is being played on channel 710, The radar
set functions in the same manner so it can determine which reflected noise to
listen for, otherwise it could not vrocess the reflected information properly.

After the transmitter has generated its wave of energy, it sends it to the
antenna, The antemma is normally located in the nose of the aircraft, The
radio energy is transmitted in a short "blast", then the transmitter stops
transmitting for a short period., While the transmitter is silent, the antemnna
is listening for the reflected sound. The antenna gathers the reflected energy
and sends it to the receiver,

The receiver subsystem of a radar set is exactly like the radio receiver
in your home, Your receiver takes the energy from the radio station, amplifies
it and routes the music to your speakers., The navigator, however, does not
use speakers to display radar information. Radar signals are displayed for
the navigator on a cathode ray tube which looks just like a television set,

The cathode ray tube or "indicator" gives the navigator a picture of the
objects close to the airplane, This picture is composed of the radar energy
which the antenna has gathered. To use this radar picture to navigate he
compares the information displayed on his indicator to his chart and checks for
relationships, The following graphic shows how the navigator uses the radar

information and his chart to find the airplane's location,

L6
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The radar set has shown the navigator where he is in relation to the objects
on the ground, He used his chart to find this relationship. Once the naviga-
tor has determined his position, he can have the pilot turn the aircraft to
get the airplane back on course,

One final element must be added to the radar set so it can function prop-
erly——timing, Go back to the diagram of the radar set and look at the timer,
The timer is a eritical part of the radar set for it is the subsystem which
tells the indicator where to display the reflected radioc energy coming from
the antenna, If all the information from the antenna and receiver were dis-
played at once, the navigator's indicator would show one big dot, He would not

be able to see the relationships between the indicator and the chart. The

timer "knows™ that the farther an object is from the aircraft, the longer it
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takes for the reflected radio energy to return to the antenna, The timer,
then, disprlays the pieces of reflected radio energy on the indicator in the
same sequence that they came into the antenna and receiver, Here is an

experiment you can perform to illustrate the function of the timer,

EXERCISE

Go outside and stand about 50 feet from your house then clap your hands.
You will hear a loud "CLAP" from your hands, then you will hear a weak "clap"
as the noise returns from the side of your house., Touble the distance away
from the house and do the same thing., You will still hear two claps, but the
time between them will be longer. In the second case, the reflected "clap"
will have to travel farther before you can hear it., Let's examine this
example mathematically. Before we start, you should know that sound waves

travel approximately 1,000 feet per second at sea level,

li0o Fe.
! SoFt.

| 7
| €—
: ——
]
Postion | Position | €&
tweo 1 one : — .

In position #1 the sound had to travel 100 feet-——50 feet to the house and 50

feet back to you. How long did it take ?

100 _feet
1,000 feet per second

= 1/10 second

In nosition #2, the sound traveled 200 feet--100 feet to the house and 100

feet back to you, How long did this roundtrip take ?

L8
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i 200 foet = 2/10 -1
o 1,000 feet per second /10 second /5 second

o The distance was twice as far, so the time was twice as long. This shows that
: there is a relationship between time and distance if speed is constant, There
are many applications of this relationship in everyday life,

If velocity (rate) is constant, you can solve the Rate/Time/Distance
equation by timing the period between two events, You can tell how far a
thunderstorm is from you by counting the seconds between seeing a flash of
lightning and hearing the clap of thunder, We'll assume that the speed of
sound is constant at 1,000 feet per second. Knowing this, how long does it

take for a sound to travel one mile ?

TIME = DISTANCE

TIME = 22280 feet per mile
DE »000 feet per second

TIME = 5,28 seconds per mile

If you start counting seconds when you see the flash of lightning and get to

eleven (11) when you hear the thunder you can calculate that the lightning

struck approximately two miles from where you are:

.
I.O
Ve

5 DISTANCE = PR WTE

DISTANCE = 11,0 seconds
5,28 seconds per mile

DISTANCE = 2,08 miles

If the time decreases between flash and thunder the storm is coming closer.

L9
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CONCLUSION
Radar is an important tool used by pilots and navigators, It allows them
to determine the position of the aircraft by comparing the information on the
indicator with their charts, Although a seemingly comrlex combination of
subsystems, radar is actually a simple scientific concept, akin to the dining
habits of bats and the techniques you use to determine how far you are from

thunderstorms,

INERTTAL NAVIGATION SYSTEMS
How many times in the last week have you seen or read something about
computers ? Computers paint cars, build airplanes, keep records and perform
many other functions in today's world, If you want tp use computers effective-
ly you must understand a few things about the way they operate, their limit-
ations and their capabilities. In this section we will review some of the terms
used when talking about computers, examine the basic computing process and

see how computers, namely Inertial Navigation Computers, are used by Air Force

crewmembers,

HARDWARE AND SOFTWARE

There are two terms commonly used when talking about computers—=hardware
and software., You must have both hardware and software to begin the computing
process,

Hardware refers to the mechanical, physical parts of a computer system,
The keyboard, television monitor, printer and main frame are examples of hard-
ware. When you think of hardware, think of things that you can carry from
place to place., You can see and touch hardware,

Software, on the otherhand, is the mathematical or logical program which

50
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directs the computer as it processes information. For example, if you want
help in balancing your checkbook, you would purchase a software program (disk
or tape) and "load" it into the computer hardware. This software tells the
hardware how to process the numbers and facts you type in on the keyboard,
Without software a computer will not function., You must have software and

hardware to make a complete computing system,

NAVIGATION COMPUTERS

Now that we have seen the basic elements of the computer system (hardware

and software), we will now examine the basic computing process and how it

AR

NN
R R

relates to navigation computer systems.

N

There are three steps in the computing process-~Input, Data Processing and

-y
-,

Output, The computer operator inputs information, the hardware and software
process this information and the computer "outputs" an answer, There are many
different types of computers, all built to provide different outputs, but the
computing process is the same for all, Arcade games, home computers and

navigation computers use this same logical process when computing,

DATA DATA ANSWER
MANYPULATION

@ ; 4 PROCESSING‘ T

SOFTWARE

The output of a computer can be much more complex and meaningful than the

balance of a checking account, This is especially true of Inertial Navigation

Computers used in airplanes. These computers are a valuable navigation aid

51
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for they help the navigator do his job, Since these computers provide a
different output than arcade games or home computers you would expect that the
hardware and software would be different. This is true, but the computing

rrocess remains the same, Here is a schematic of a navigation computer,

SENSOR
PROCESSING

e ‘ ST
SOFTWARE |

MOTION SENSORS

The model of the navigation computer is similar to the one you have seen
before, but one new thing has been addedw-the sensor. The sensor of a naviga-
tion computer is called the Inertial Measurement Unit (IMU), The IMU is a
motion sensor and it tells the processing unit how much the airplane has moved
since the comruter was last given precise location information. Since the
output of navigation computers is aircraft location, the computer must be told
how much the aircraft has moved., Here is how the navigation computer model

works
STARTING POINT + MOTION = LOCATION

The navigation computer had to know its starting point when it was told to

start computing location. The computer then adds aircraft motion to the start-

ing point and calculates the current location of the airplane,
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MOTION
SENSOR

PROCESSING

Starting Point,
Input by Crew

Here is a graphic depiction of what the navigation computer is doing dur-

ing a mission,
left a plus (+) value,

value,

<:>_f

In this example, we will assign motion that is up and to the

;’IOUTPUT

Ourrent aircraft
location

SOFTWARE

Computer adds motion
to the starting point

INERTTAL NAVIGATION

Motion down and to the right will have a minus (-)

Starting
Point

The computer performed these calculations during the trip:

Starting Point = 0
Motion 0
Flight + 4

0

Total Motion -8

s S L b N G T ST 238 AT OO N L DT IR UG 2%, 24,04 (G

10 right
O up/down
0 left/right
5 down
L left
0 up/down
0 left/right
5 down

CURRENT LOCATION

Left/Right 0 Up/Down INPUT
-(5(; PROCESSING |
=5 j
~10 OUTPUT |
|
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By adding and subtracting the motion during the flight, the computer deter-

mines that the current position is é Right and 10 Down from the starting
point. The comruter processed the information and gave the navigator an out-

prut which reflected the aircraft's present position,

BENEFITS OF COMPUTERS

Now that we have looked at the elements of the computer, the commuting

»
S
a0,
P

process and their application in air navigation it would be beneficial to
consider why we need computers, Vhy are more peonle using computers everyday
“lhat advantages to computers offer the user ? The answer to these questions
is speed, Camputers allow the user to process more data in the same period of
time, Banks use computers to keep track of thousands of accounts. Newspapers
use computers to process stories, set up the presses and print the papers.
Schools use computers to establish class schedules, order food for the cafe-
teria and keep track of student grades. All of these activities are time con-
suming if done by hand, Computers allow people tio do more and, as a result,

be more productive and accurate,

CONCLUSION

Computers are important tools for they allow the user to process more in-
formation quickly and accurately. Even though they cannot think for the user
they do aid in the groupning and display of information,

The computing process, as we have seen, is quite simple-—-input is processed
by the computer and the output is given to the user, This computing process
is accomplished by the hardware which is given the required operating instruc-
tions by the software., You will have to work with computers during your life,
so it is important that you be familiar with this process so you can use the
comnuter as an effective tool,
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CONCLUSION

This handbook should have shown you that mastering mathematics is not a
difficult task if you approach each problem in an orderly manner, Before you !
begin to work, try to sense what the answer should be, Consider the units of
measurement you are working with, jot down the formulas you will need to work
. with and "plug® the numbers into the equation. This logical arrangement of
- data will help you prevent mistakes and make mathematics easier.

While this handbook was designed to show you how math is an orderly
process, it should also show you that there are practical applications &8 the
math skills and science you are learning in school., Math and science are tools
and you must learn how to use all the tools available to you to be successful
,: in the modern world. Don't be afraid of math and science, they are the helpers
you will need in the years ahead, The more math and science classes you take,

the better prepared you will be to meet the challenges of the 21 st Century,
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Pilot, 3

Prediction, 11
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Tailwind, 41
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